Predictors of Inpatient Mortality and Systemic Complications in Acetabular Fractures Requiring Operative Treatment
Nicholas KusNezov, MD; Julia BaDer, PhD; JaMes a. Blair, MD F ractures of the acetabulum are uncommon injuries that are associated with significant morbidity and mortality. [1] [2] [3] [4] [5] Throughout the past decade, the average age associated with and the incidence of acetabular fractures have been increasing. 6, 7 There is a bimodal age distribution between young adults who sustain high-energy trauma, often with associated orthopedic and visceral injuries, and elderly individuals with reduced bone quality, who typically sustain lowerenergy injuries such as from ground-level falls. 1, 3 Acetabular fractures present a unique challenge to orthopedic trauma surgeons in part because of their complex 3-dimensional structure and low tolerance for articular incongruity following fixation. To optimize the clinical outcome, most acetabular fractures require open reduction and internal fixation. 5 Despite advances in medical and surgical management, the mortality rate of acetabular fractures remains among the highest for orthopedic injuries, and major systemic complications represent a significant contributor to postoperative morbidity and delayed all-cause mortality in this cohort. [8] [9] [10] Literature evaluating variables predictive of mortality and major systemic complications for patients with acetabular fractures is sparse. Although many studies have analyzed combined cohorts of acetabular and pelvic injuries, 11, 12 most acetabular fractures occur in the absence of pelvic injuries and therefore may represent a unique subset of injuries. 13 Furthermore,
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Patient demographics, physiologic variables, and injury characteristics predictive of mortality and major systemic complications following operative fixation of acetabulum fractures were identified using the National Sample Program of the National Trauma Data Bank. Age older than 60 years, obesity, and Injury Severity Score greater than 15 portended a statistically significant increase in mortality and major systemic complications (P≤.05). Systolic blood pressure less than 90 mm Hg and Glasgow Coma Scale score less than 8 were also significant predictors of mortality and major systemic complications (P<.0001). Time to surgery and hospital length of stay did not affect mortality. The most common potentially modifiable risk factors were smoking (22.3%) and obesity (body mass index ≥30 kg/m 2 ) (9.1%). Increasing age, Injury Severity Score, and obesity independently predicted a statistically significant increase in both mortality and major systemic complications. A better understanding of the associated risk factors and unique complication profile will provide orthopedic surgeons with a basis on which to effectively counsel and care for patients. [Orthopedics. 2017; 40(2):e223-e228.] the existing literature is mainly from single centers and the largest series are of relatively limited sample size, calling into question the external validity of the findings. [14] [15] [16] The purpose of this study was to identify demographic, injury-related, and surgical variables predictive of inpatient mortality and major systemic complications following operative fixation of acetabular fractures using the 2012 National Sample Program (NSP) of the National Trauma Data Bank (NTDB). The authors hypothesized that increasing age and systemic comorbidities would be the most significant predictive variables and that the NTDB would help identify potentially modifiable patient risk factors that contribute to morbidity and mortality.
Materials and Methods
The NSP and NTDB methodology has been previously validated and reliably used to investigate prognostic indicators in the trauma setting. [17] [18] [19] [20] The NTDB is maintained by the American College of Surgeons and compiles data on the care of trauma patients from centers across the United States that voluntarily participate in the program. From this national sample, the American College of Surgeons produces the NSP for a given year from statistical review of aggregate data in the NTDB. This allows national extrapolation through sample weighting. The NSP for 2012 contains information on 179,197 incidents of trauma compiled from 94 medical centers across the United States.
The 2012 NSP was queried for all patients 18 years and older who underwent operative fixation of fractures of the acetabulum (International Classification of Diseases, Ninth Revision, codes 808.0 and 808.1). Pediatric patients were excluded. Demographics, comorbidities, injuries, and surgical characteristics, such as current tobacco use, hypertension requiring medication, and diabetes, were extracted for all patients. Injury-specific variables, including mechanism of injury, Injury Severity Score (ISS), Glasgow Coma Scale (GCS) score, the presence of hypoxia (oxygen saturation less than 90%), and the presence of shock (ie, systolic blood pressure less than 90 mm Hg) on hospital presentation, as well as hospital characteristics such as time to surgery, were recorded. Mortality, perioperative complications, and length of stay in the intensive care unit and in the hospital were the primary outcome measures of interest. Major systemic complications included pulmonary embolism, unplanned intubation, severe sepsis, stroke, acute kidney injury, cardiac arrest requiring cardiopulmonary resuscitation, acute respiratory distress syndrome, and myocardial infarction.
Statistical Analysis
Independent variables included age, sex, race, comorbidities, mechanism of injury, injury characteristics, ISS, time to surgery, and shock, GCS score, and hypoxia on presentation. The dependent variables of interest were mortality and major systemic complications. Sex, comorbidities, systolic blood pressure, oxygen saturation, and GCS score were analyzed as dichotomous variables. Injury Severity Score was separated into less than 16, 16 to 24, and 25 to 75, with less than 16 being the referent group. Age was stratified as 18 to 39 years, 40 to 59 years, 60 to 79 years, and 80 years or older, with 18 to 39 years being the referent group. Finally, time to surgery was divided into less than 24 hours, 24 to 48 hours, 49 to 72 hours, and greater than 72 hours, with less than 24 hours being the referent group. Injury Severity Score, systolic blood pressure, and GCS score were additionally analyzed as continuous variables.
Univariate weighted logistic analysis was performed for all predictors of mortality and major systemic complications, using the Wald chi-square statistic. Multivariate weighted logistic analysis was subsequently performed for all variables with greater than 10 occurrences, with a presence in greater than 20% of the population being studied, and having a P value of less than .2 on univariate analysis, controlling for all other factors present in the model. Odds ratios (ORs) were reported with 95% confidence intervals (CIs) and respective P values. Variables with ORs with 95% CIs exclusive of 1.0 and P values of less than .05 were considered statistically significant independent predictors. The predictive ability of the model was assessed by the C-statistic.
results
The 2012 NSP yielded a weighted sample of 20,201 fractures of the acetabulum, of which 7441 patients underwent operative fixation. The mean age was 44.7±0.5 years (range, 18-90 years), with 20.8% of the patients being 60 years or older and 71.4% being male. Nearly three-fourths (75.5%) were white, 13.9% were African American, and 10.6% were characterized as "other." The mechanism of injury was most often blunt (99.3%), and 98.7% were closed injuries. The most common comorbidities were hypertension requiring medication (24.7%) and diabetes mellitus (10.0%). Smoking (22.3%), alcoholism (12.7%), and obesity (body mass index ≥30 kg/m 2 ) (9.1%) were the most common potentially modifiable risk factors ( Table 1) .
At presentation, the mean ISS was 15.0±0.3. The ISS was greater than 15 in 37.6% of the patients. Roughly 5% of the patients were in shock, 4.0% were hypoxic, and 6.7% had a GCS score of less than 8 on presentation. The mean time to surgery was 80.1±3.4 hours, although 61% of the patients underwent surgery within 72 hours. The overall in-hospital mortality rate of the entire cohort was 1.3%. Complications occurred in 20.4% of the patients. Major systemic complications were present in 10.9%, with the most common being acute kidney injury (3.2%) followed by acute respiratory distress syndrome (3.0%). Minor systemic complications were present in 15.2%, with the most common being hospital-acquired pneu-monia (8.3%) ( Table 2 ). The mean hospital length of stay was 13.9 days. Nearly half (47.3%) of the patients were admitted to the intensive care unit for a mean of 9.2 days.
Following univariate and multivariate analyses, increasing age, ISS, and decreasing GCS score were independently associated with a statistically significant increase in both mortality and major systemic complications. An ISS greater than 24 was associated with the greatest increase in mortality (OR, 19.3; 95% CI, 7.1 to 52.6; P<.0001), followed by age of 80 years or older (OR, 14.2; 95% CI, 3.3 to 62.1; P=.0004). Age 80 years or older was also associated with the greatest increase in risk of major systemic complications (OR, 5.0; 95% CI, 2.9 to 8.7; P<.0001). Obesity was the only comorbidity associated with a significantly increased risk of mortality (OR, 3.5; 95% CI, 1.2 to 10.7; P=.027) and was also among the significant predictors of major systemic complications (OR, 1.8; 95% CI, 1.2 to 2.6; P=.002).
The risk of mortality increased 5% per year increase in age and 2% per point increase in ISS (P<.01). Increased GCS score was shown to have a protective effect against mortality, having a 16% risk reduction per point increase ( Table 3) . Time to surgery and length of hospital stay did not have a significant effect on the mortality rate, but both conveyed an increase in risk for major systemic complications per day (P<.04).
The logistic regression model for mortality and major systemic complications was determined to be a good fit (C-statistic of 0.88 and 0.87, respectively).
discussion
The authors report a 1.3% in-hospital mortality rate and a 10.9% rate of major systemic complications following surgical fixation of their cohort of 7441 acetabular fractures. Furthermore, the authors found that increasing age significantly increased the risk of both mortality and major sys- 
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Copyright © SLACK inCorporAted n Review Article temic complications, as did obesity and several physiologic predictors, including ISS and depressed GCS score. To the authors' knowledge, this is the first study to comprehensively report major systemic complications associated with operative fixation of acetabular fractures, including acute kidney injury (3.2%), acute respiratory distress syndrome (3.0%), and major cardiac complications (2.8%). The most common acute perioperative sequelae reported in the literature include nerve palsy, local infection, and thromboembolic complications. 21 Pulmonary embolism occurred in 2.4% of the current cohort, consistent with the rates of 0.6% to 3.6% reported in the existing literature. 4, 13, 22, 23 The in-hospital mortality rate of acetabular fractures has been reported to range from 1.5% to 4.0%.
2,4,13,24 Mortality was most often attributable to multisystem organ failure, 13 pulmonary embolism, 13 sepsis, 2 respiratory failure, 24 or myocardial infarction. 24 The current authors report the lowest mortality rate in the literature. Although this represents in-hospital mortality only, most significant acute cardiopulmonary complications have been found to occur during the first 5 to 7 days following major surgery. 25 Therefore, this may accurately reflect the true mortality in this cohort and is perhaps representative of improved perioperative care.
Fractures of the acetabulum represent a formidable surgical challenge that is often complicated by a unique profile of concomitant visceral and musculoskeletal injuries. 2, 4, 5, 15, 26, 27 Despite advances in medical and surgical management, the mortality rate of acetabular fractures remains among the highest in orthopedic trauma and the postoperative course is wrought with frequent and diverse complications. [8] [9] [10] Increased understanding of patient and surgical risk factors that portend increased risk of mortality and major systemic complications would provide for improved patient care and reduced systemic costs through risk factor modification and careful in-hospital surveillance.
Literature analyzing variables predictive of morbidity and mortality associated with acetabular fractures is sparse. There is a tendency to jointly analyze pelvic and acetabular fractures; however, acetabular fractures represent a distinct entity and most occur in the absence of other pelvic injuries. 13 Furthermore, existing series are mainly from single centers and have low power. 21 In a recent meta-analysis of 34 studies on the operative treatment of displaced acetabulum fractures, Giannoudis et al 21 cited only 3 series to date with more than 250 patients.
14-16, 21 Mears et al 16 conducted a retrospective review of 424 acute displaced acetabular fractures and found that the quality of reduction and clinical outcome inversely correlated with increasing age, obesity, and major medical comorbidities. A review of 262 displaced acetabular fractures that underwent open reduction and internal fixation also found that increasing age and operative complications portended poor clinical outcomes. 15 In the current study, the authors similarly found that increasing age was among the most significant predictors of mortality and major systemic complications, while obesity (body mass index ≥30 kg/m 2 ) was the only comorbidity associated with a significant impact on both outcomes. Both age [8] [9] [10] 15, 28 and obesity 16, 22, 24, [29] [30] [31] have been shown in more limited series to impact perioperative mortality and major systemic complications in pelvic and lower extremity trauma. Furthermore, obesity is the only medical comorbidity cited in the literature to correlate with increased risk of mortality 16, 24 and perioperative complications such as deep venous thrombosis and local wound infection for patients with fractures of the acetabulum. 22, 24 The current study is the first to not only stratify age but also investigate the impact of increasing age and injuryrelated physiologic variables such as GCS score, systolic blood pressure, and hypoxia on patient-centered outcomes.
Limitations
One limitation of this study was that a national database was used. As a result, the authors were only able to assess for variables recorded in the database. Therefore, the authors were unable to control for many factors that have been shown to have a significant impact on outcomes, such as fracture characteristics or surgeon experience, and the data generated by statistical analysis of the NTDB were limited by the quality of the data entered into the system. 32 Furthermore, this study was limited to in-hospital mortality and morbidity, possibly leading to underreporting of adverse events. Finally, the quality of a database study is determined by the reliability of the data entry. When using a database as large as the NTDB, the statistical power can be so great that many analyses result in a significant difference. Therefore, the clinical significance must be interpreted. However, the methodology of the NTDB and NSP has been validated and shown to reliably provide for analysis of predictors of adverse outcomes for traumatic conditions. By virtue of the methodology of the NTDB and NSP, the findings of this study have greater external validity than those of the existing, more limited single-center investigations.
conclusion
Increasing age, ISS, and obesity independently predicted a statistically significant increase in both mortality and major systemic complications. Although many risk factors are nonmodifiable, a better understanding of the associated risk factors and unique complication profile will provide orthopedic surgeons with a basis on which to effectively counsel and care for patients. 
